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INTRODUCTION 
The aging of aircraft and the integrity of lapjoints and doublers is a growing concern. 
With the increasing average age of the commercial aircraft fleet, there exists an increased 
need for the development of new NDE techniques for the detection of critical flaws in air-
craft airframes. The current techniques being either too time consuming or unreliable are a 
primary reason for a requirement of major mandatory modification to the existing fleet. 
Improved NDE techniques offer the possibility for increased safety and reliability at 
reduced costs. 
A major thrust of current efforts aims to replace point measurement techniques with 
the development of large area scanning techniques. A few of the areas currently under inves-
tigation are thennal imaging, acoustic emission, scanning array ultrasonics, coherent optics, 
radiography, magnetic field visualization and visual enhancement. Large area scans reduce 
inspection time, manpower cost and out of service time for the aircraft. Finally a less costly 
inspection improves the safety of the aircraft by allowing more frequent inspection at 
reduced turnaround time. 
Typical of large area inspection techniques is infrared thennography. Thennographic 
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Fig. I. Experimental setup of thermal imaging system. 
imaging does not require physical contact between the inspection system and the aircraft. 
The prediction of the thermal response of an aircraft has a well established science and engi-
neering base from parallel studies to determine the thermal response of aerospace structures 
to given thermal loads. Infrared thermography is performed with an infrared imager capable 
of scanning large areas in a fraction of a second. Recent technological developments in dig-
itized thermography have significantly increased the number of successful applications. In 
particular, advances in inexpensive image processors have increased the signal to noise ratio 
for thermographic images and enabled advances in post processing procedures. 
Previous studies have shown the feasibility of thermographic techniques for detection 
of disbonds in bonded structures [1] - [5]. Presented here is a technique for corrosion detec-
tion applied to samples with fabricated machined material loss and electrochemical corro-
sion. 
THEORY 
The thermographic technique (Fig. 1) consists of the application of heat to the surface 
ofthe aircraft structure and subsequent measurement of the surface temperature as a function 
of time. To inspect a lap joint on an aircraft, heat flux is applied to the exterior of the aircraft 
and the exterior skin temperature is measured. By heating the sample, a temperature differ-
ential is created between the lap joint regions and regions adjacent to it due to the larger heat 
capacity of the lap joint. For corroded regions of the lap joint, the heat flow from the upper 
to lower layer of the lap joint is reduced. This reduction of heat flow is reflected in an 
increase in temperature over the corroded region due to reduction in thickness relative to the 
uncorroded regions. 
The surface temperature as a function of time is measured with an infrared imager. 
The infrared imager consists of a single liquid nitrogen cooled HgCdTe detector (8 - 12 
11m). The detector is scanned over the field of view to measure the infrared emission from 
the surface of the aircraft. If the emissivity of the surface is 1, this signal is proportional to 
the temperature of the surface. If the emissivity of the surface is less than 1, the signal is a 
combination of the surface temperature and a reflection of background infrared images. An 
aluminum surface has an emissivity of less than 0.1, and therefore infrared measurements of 
aluminum surfaces yield images of the background infrared fields and not the surface tem-
perature of the aluminum. 
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Fig. 2. Aircraft lapjoint and machined material loss sample configurations. 
To overcome this difficulty, the aluminum is coated with a thin layer of high emissiv-
ity material. Paint is typically an excellent emissivity coating, with a high emissivity regard-
less of the color in the 8-12j..lm region. Aircraft which are painted therefore require no 
special treatment before inspection with the thermal inspection system. For unpainted air-
craft, water washable coatings are commercially available for increasing the emissivity of 
the surface. The work reported here was on fabricated aircraft samples (Fig. 2) with either a 
water washable coating or with a self adhering sheet applied to the sample. This sheet has a 
high emissivity and measurements show its thermal properties were only slightly worse than 
those of paint. 
The imager converts the infrared radiation (thermal response) from the surface of the 
sample to a video signal which is digitized by an image processor that performed a real time 
average of the digitized images. The real time averaging of these images significantly 
increased the signal to noise ratio of the data. Averaged images were obtained for given time 
series determined by the microcomputer controller. The current system allows for both 
immediate reduction of the data and storage of the data for further analysis. 
An important feature of the system for quantitative measurements is a microcomputer 
which controls the data acquisition also controls the application of heat. This enables syn-
chronization between the heating and data acquisition. Without this synchronization it is 
often difficult to interpret the images obtained and impossible to obtain quantitative results. 
Two banks of flash lamps are used to heat the surface of the aircraft. These imparted ",0.12 
watts/cm2 to the sample surface. For all cases considered, the temperature of the samples 
were never raised more than 10° C above ambient conditions. 
To increase the probability of detecting corrosion, the data acquisition and heating 
technique protocol have been set to maximize the effectiveness of the image processor. The 
thermal data are a sequence of two dimensional infrared images in time. An 8 bit digitization 
of the infrared image results in images each 256 by 256 pixels. Real time averaging results 
an averaged image to reduce the average noise in the images. This average image is stored in 
a location in memory referred to as a tile. The process is repeated until up to 32 tiles are 
obtained. To further increase the signal to noise ratio while acquiring the data in a time short 
enough to detect the response of interest, a cyclic heating of the structure is performed. The 
data acquisition is synchronized with the heating cyclic so that the time of each tile occurs at 
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Fig. 3. (A) Finite element grid for one quadrant of model. Corrosion is mod-
elled as material loss (not visible at this magnification) (B) Two-dimensional 
cross-section showing region of material loss. 
the same point in the heating cycle. A given tile is then used to keep an accumulated sum of 
all the averaged images for a given time in the heating period. For the current work the using 
flash lamps heat, a cool down profile was obtained for 32 time steps. 
FINITE ELEMENT SIMULATIONS 
Three dimensional finite element simulations were performed to optimize the tech-
nique and determine limits of detectability. Material loss regions were prepared with circu-
lar cross sections. Grid construction consisted of a two dimensional parametric mesh, swept 
in the radial direction to form the third dimension (see Fig. 3). One-fourth of the plate was 
modelled and the results duplicated in the remaining three quadrants due to symmetry. The 
plate was 0.1016 cm thick in all regions except where "corrosion" was simulated by either 
5% or 10% material loss. A commercially available finite element program was used for 
these simulations. A heat flux boundary condition on the upper surface simulated the 1.2 
Joule [6] photographic flash lamps used for the experiment. For this energy level and a pulse 
5% MATERIAL LOSS 10% MATERIAL LOSS 
Fig. 4. Simulation results showing 5% and 10% machined material loss. 
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duration of 1 msec, 120 W/cm2 of heat was imparted to the sample, raising the overall tem-
perature of a non-corroded region approximately 5°C. A free convection boundary condition 
was also modelled on the upper surface, with a constant convection coefficient of 7.32e-4 
W/cm2°C. 
Simulations were run for both five and ten percent material loss cases. Results are 
shown in Fig. 4. For times shortly after the flash lamps have triggered, the level of contrast 
due to material loss was fairly constant. For the 5% material loss case, approximately 0.2°C 
of contrast was calculated. Approximately 0.4 °C of temperature contrast due to material loss 
was observed for the 10% material loss case. A method to use thermal contrast information 
to quantitatively assess percentage corrosion is explained in more detail in later sections of 
this paper. 
RESULTS 
The temperature data in time was processed by first generating an averaged image 
T avlx,y) from the set of time domain temperature images. A quadratic fit image f(x,y) is 
obtained from this averaged image using equation 1. 
Q (x, y) Tavg (x,y) = ---c-"----c--f(x,y) (2) 
The coefficients Ao, AI. A2, A3, A4, AS in Eq. 1 are calculated by doing a linear least 
square fit. The fit image f(x,y) calculated gives us an approximate image pixel value at that 
image location. The quantitative image Q(x,y) showing the percentage of material loss in 
A 
B 
Contrast enhanced thermal images Quantitative analysis images 
Fig. 5. Comparison of machined material loss (A) and electro chemical corro-
sion (B) samples. 
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Fig. 6. Quantitative analysis of 5, 10 and 15 percent machined material loss 
corrosion. 
the material is obtained from Eq. 2. Dividing the average temperature image by the fit 
parameter image gives us the actual material loss in the sample. For an uncorroded region, 
this ratio is 1.0 and for any thinning in the material due to corrosion, this ratio is directly 
proportional to the material loss. A value of 0.95 relates to 5% material loss. 
Figure 5 shows the temperature enhanced images and quantitative images for the 
machined material loss sample and the electro chemical corroded sample. The processed 
quantitative image clearly highlites the corroded regions of 5%, 10% and 15% material loss 
in the machined material loss sample. Further analysis of the quantitative image from the 
electro chemical corroded sample showed the extent of the corrossion to be 8%, which 
agreed with the approximate calculated material loss of 7% - 10%. 
Figure 6 shows the surface plot of the machined material loss sample results. The 
peak heights are of the three are approximately 5% apart. The data reduction algorithm has 
shown promise on single aluminium layers and will be applied to lapjoint samples for fur-
ther improvements. 
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